i 


«r 


h 


DETERMINATION  OF  INORGANIC  PHOSPHATE 
IN  SEA  WATER  BY  A BUTANOL 
EXTRACTION  PROCEDURE 


Office  ol  Naval  Research 
Contract  N7  onr --187  T.O.  2 
Bureau  of  Ships 
NE  120219  5 


Navy  Department 
Project  NH  083  C36 
Technical  Report  IJo.  7 
June.  1953 


Charles  M.  Proctor 


Research  ConducteJ  through  the 

Zexas  Research  foundation 


COLLEGE  STATION,  TEXAS 


Appendix  I 
Project  40 
Final  Report. 


THE  AGRICULTURAL  AND  MECHANICAL  COLIEGE  OF  TEXAS 
Department  of  Oceanography 
College  Station,  Texas 


Research  Conducted  for  the 
Texas  A.  ft  M.  Research  Foundation 
Projects  24  and  40 


DETERMINATION  OF  INORGANIC  PHOSPHATE  HI  SEA  HATER 
BY  A BUTANOL  EXTRACTION  PROCEDURE 
Technical  Report 


This  is  a preliminary  report  of  work  that  was  begun 
on  Project  40  and  is  being  continued  on  Project  24.  Part 
of  this  material  waa  presented  at  the  8th  Southwest  Re- 
gional Meeting  of  the  American  Chemical  Society  at  Little 
Rock,  Arkansas,  December  5,  1952.  Presentation  of  material 
in  this  report  does  not  constitute  final  publication. 

Project  24  is  an  Oceanographic  Survey  of  the  Gulf  of 
Mexico  sponsored  by  the  Office  of  Navnl  Research  (Project 
NR  083  036,  contract  N7onr-4S7  T.O.  2)  and  the  Bureau  of 
Ships  (RE  120219-5). 

Project  40  is  a Hydrographic  and  Chemical  Survey  of 
Corpus  Christi  Bay  and  Connecting  Hater  Bodies  sponsored 
by  the  Reynolds  Metals  Company. 

Report  Prepared  June  22,  1953 
by 

Charles  M.  Proctoi' 


Table  of  Contents 


Page 

List  of  Tables.  . . . 11 

List  of  Illustrations 11 

I.  Introduction. 1 

II.  Procedure 1 

A.  ReagentB 1 

B.  Instrument 2 

C.  Method 2 

III.  Experimental. 3 

A.  Spectrum* 3 

B.  Color  stability 3 

C.  Sensitivity 3 

D.  Interferences 5 

1.  Chloride 5 

2.  Silicate 5 

3.  Arsenate  and  arsenlte  6 

E.  Partition  of  acid  between  artificial  sea  water  and 

iso-butanol 6 

F.  Interference  by  stopcock  lubricant 6 

IV.  Discussion 7 

V.  Sum ary  7 

VI.  Bibliography 9 


List  of  Tables 


Page 

Table  I.  Color  Stability.  Absorbancy  Change  with  tine.  . . 4 

Table  II.  Color  Stability  of  Channel  Water  with  Added 

Phosphate 4 

list  of  Illustrations 

Figure  1 Effect  of  Salt  and  Silicate 8 

Figure  2 Spectrum 8 

Figure  3 Absorbancy  with  added  Phosphate  . . 8 

Figure  4 Absorbancy  with  added  Phosphate  8 


- ii  - 


I.  Introduction 


Phosphate  is  intimately  involved  in  the  fixation  of  energy  by  plants 
(3)  and  in  the  assimilation,  storage,  and  utilization  of  food,  and  henoe 
of  energy,  both  animals  and  plants  (10).  Phosphorus  in  the  fora  of 
phosphate— no  ether  fora  has  y.->t  been  demonstrated  in  protoplasm — thus 
sanies  as  one  of  tha  trace  elements  essential  to  Ufa*  The  maximum  con- 
centration of  i i . r irdc  phosphate  obsorved  in  the  open  sea  is  3 HM 
(micro  molar)  2 M-M  being  the  highest  concentration  generally  en- 
countered (17).  Value 8 of  0.00  HM  are  often  encountered,  even  in  areas 
of  great  biological  activity.  This  value  is  beyond  the  limit  of  sensi- 
tivity of  the  DenigAs  (4)  method  for  phosphate,  as  usually  employed  (6, 

7,  8,  13,  15,  and  17).  Greater  sensitivity  is  required  in  studies  of 
phosphate  turnover  and  of  the  Halting  effect  of  phosphate  concentration 
on  plant  and  animal  growth* 

The  molybdenum-blue  method  for  determination  of  phosphate  was  intro- 
duced by  Osmond  in  1887  (ll)  and  is  the  basis  of  nearly  all  modern  micro- 
analyti'-rl  -etfcods  for  phosphorus.  In  Osmond's  method  the  sample  is 
treated  v.ith  nolybdic  acid.  The  resulting  phospbo- molybdate  complex  is 
then  red’  < , ' ith  stannous  chloride,  or  other  suitable  reagent,  to  give 
the  phobph  > • volybdenum  blue  color.  For  determination  of  phsophate  in 
sea  water.  /-Terence  ia  usually  made  to  the  procedure  of  Denig&s  (4). 
Although  * if  u>l  cclor  comparison  methods  are  still  often  used  in  field 
work  and  on  chipboard  (13)  the  method  is  usually  adapted  to  the  photo- 
electric colorimeter  with  modifications  to  suit  the  material  being 
analysed  (6,  7,  15,  and  17).  Increased  sensitivity  may  be  obtained  by 
using  a colorimeter  absorption  cell  with  a long  light  path  (7),  or  by 
taking  a large  sample  and  concentrating  it  for  analysis  with  standard 
absorption  cells.  The  latter  course  is  complicated  in  sea  water  since 
concentration  of  the  sasple  gives  a very  high  salt  content  which  inter- 
feres with  formation  of  the  phosphomolybdate  complex.  The  present  method 
was  suggested  by  Dr.  Donald  W.  Hood  of  this  laboratory  and  is  based  on 
the  observation  of  Denig&s  (4)  that  the  phosphomolybdate  complex  is 
soluble  in  organic  solvents.  The  blue  color  may  then  be  developed  by  re- 
duction in  the  organic  phase.  The  phosphomolybdenum  blue  is  thus  concen- 
trated without  increasing  the  salt  interference  and  greater  sensitivity 
becomes  practical  with  standard  colorimetric  equipment.  Interference 
from  citrate,  nitrite,  fluonide,  oxalate  (l)  and  other  unspecified  ions 
(16)  are  also  reduced  or  eliminated. 


II.  Prooedure 
A.  Reagents 

Analytical  Reagent  grade  (AGS)  used  throughout. 

SULFURIC  ACID,  1BN  and  1.2N. 

• WASH  ACID,  1.2N  HjjSO/  saturated  with  iso-butanol  at  room  temperature 

(about  10$  i-BuOH). 


« 
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AMMDNIUM  MDLYBDATE , 105$  solution  stored  in  polyethylene  bottle. 
ISO-BUTANOL. 

ISO- PROPANOL  (or  ethanol). 

STANNOUS  CHLORIDE  SOLUTION,  2£  in  2.4N  HC1.  Dissolve  2.3g  SnCl2* 

2H2O  in  20  ml  of  12N  HC1.  Dilute  to  100  ml  and  store  in  a dark 
bottle  with  a few  pieces  of  mossy  tin.  Stable  for  several  months. 

REDUCING  SOLUTION.  2 ml  of  stannous  chloride  solution  to  100  ml  of 
wash  acid.  Mix  as  noeded.  Stable  for  about  half  a day. 

PHOSPHATE  STOCK  STANDARD,  3 mK  0.408g  of  KH2OP4  to  one  liter  of  dis- 
tilled water.  One  ml  of  CCI4  was  added  to  prevent  bacterial  and 
mould  growth. 

PHOSPHATE  VORKIi'G  STANDARDS  were  made  as  needed  by  diluting  the  stock 
standard  with  artificial  sea  water,  or  with  distilled  water  when 
required.  CCI4  was  used  as  preservative. 

ARTIFICIAL  SEA  WATER , Iyman  and  Fleming  (9).  For  20  liters  use: 

NaCl,  470  g.;  J^C12*6H20,  213  g. ; Na2S04,  78. 3g.  J KC1,  13. 2g. ; 
NaHC03  3.84g. ; KBr,  1.92g. ; NaF,  0. 060g.  Dissolve  in  about 
fifteen  liters  of  distilled  wuter.  CaCl2*2H20,  29.4g* » SrCl2, 
0.48g.  Dissolve  separately  in  about  2 liters.  H2BO3,  0.52g. 
Dissolve  In  about  100  ml  of  hot  water.  Add  the  alkaline  earth 
solution  slowly  to  the  solution  of  salts  with  vigorous  nixing 
then  add  the  boric  acid.  Dilute  to  20  liters  and  nix  well.  A 
20  liter  carbouy  with  siphon  tube  was  used  for  storage.  Final 
mixing  was  accomplished  by  aspirating  air  through  the  siphon 
tube.  About  10  ml  of  CCI4  were  added  as  preservative. 

B.  Insturment 

The  Beckman  Model  B Spectrophotometer  with  1 cm  Corex  cells  was 
used  for  absorbancy  readings.  The  sensitivity  control  on  the  instru- 
ment permits  reasonably  accurate  readings  over  most  of  the  range  from 
0 to  2 absorbancy  units  as  sham  in  Figure  1. 

C.  Method 

75»0  ml  samples  of  sea  water  0.C2  to  10  WI  ir.  phosphate  (0.04  to 
20^  of  P)  are  run  into  200  nl  separatory  funnels.  The  samples  should 
be  at  room  temperature.  Add  5.0  ml  of  181!  H2SO4  to  each,  then  add 
5.0  ml  of  10£  ammonium  molybdate.  The  aanples  should  be  swirled  in 
the  flasks  ’while  adding  these  reagents,  so  that  local  concentrations 
do  not  build  up.  Add  15.0  ml  of  J-BuCH  to  each  funnel  and  shake  for 
one  minute  to  extract  the  pho spho-mo lybdate  complex.  (Note  l)  Dis- 
card the  aqueous  layer.  Back  extract  the  orgunic  layer  twice  with 
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25  ml  portions  of  wash  acid  (Notes  2 and  3)  then  add  10  ml  of  reduc- 
ing solution  and  shake  for  one  minute.  Discard  the  aqueous  layer  and 
wash  once  with  25  ml  of  wash  acid.  Mix  3. 00  ml  of  the  i-BuOH  layer 
with  0.30  ml  of  i-PrOH  (Mote  4)  and  read  the  absorbancy  at  730  nH  in 
a 1 cm  Corex  cell. 

Note  1.  The  solubility  of  i-BuOH  is  temperature  dependent  oo 
that  samples  to  bo  compared  must  be  run  at  the  same  temperature. 
One  minute  extraction  seems  to  be  sufficient. 

Note  2.  The  wash  acid  and  reducing  solution  are  saturated  with 
1-BuOH  so  that  concentration  of  phosphomolybdate  in  the  organic 
phase  should  remain  constant  after  extraction.  Slight  losses  of 
the  i-BuOH  phase  are  thus  unimportant. 

Note  3.  Broken  tip  pipettes  of  10  and  25  ml  capacity  were  cut 
off  just  below  the  bulb.  These  mode  convenient  finger  pipettes 
for  addition  of  reducing  solution  and  wash  acid  respectively. 
These  volumes  are  not  critical. 

Note  4.  The  i-PrOH,  or  EtOH,  prevents  separation  of  water  drop- 
lets from  the  i-BuOH  solution  which  might  "fog"  the  absorption 
cell  windows. 


III.  Experimental 

A.  Spectrum 

The  absorbancy  spectrum  of  phosphomolybdenum  blue  in  the  iso- 
butanol layer  is  shewn  by  Figure  2.  Hater  saturated  iso-butanol, 
with  iso-propanol  added,  was  used  to  set  the  instrument  to  zero.  A 
spectrum  of  water  saturated  butanol,  with  iso-propanol,  va.a  deter- 
mined against  butanol  and  is  shown  at  the  bottom  of  Figure  1.  No. 
great  absorption  due  to  the  water  and  iso-propanol  is  noticed  below 
900  nji.  The  iso-butanol  spectrum  was  not  checked,  but  due  to 
structural  similarities,  no  significant  difference  would  be  expected 
at  wave  lengths  below  800  or  900  nJJ-.  Based  on  these  data,  samples 
are  read  at  730  eH  against  pure  solvent,  iso-butanol. 

B.  Color  Stability 

Samples  of  artificial  sea  water  with  3.0  HM  added  phosphate, 
distilled  water  with  3.3  Wi,  and  Port  Aransas  channel  water  were 
tested  and  absorbancies  compared  over  four  hours.  Table  I gives  these 
results.  The  artificial  sea  water  sample  showed  considerable  fading. 
To  check  fading  in  sea  water,  tests  were  made  with  various  concentra- 
tions of  added  phosphate  in  the  channel  water.  Table  II  indicates 
that  fading  is  inconsequential  in  the  first  75  minutes. 

C.  Sensitivity 

The  data  of  Table  II  show  a spread  typical  of  small  groups  of 
samples.  They  have  beon  plotted  in  Figures  3 and  4*  The  mean 
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Table  I 


Color  Stability.  Absorbancy  change  with  tine. 

Tine  after  reduction  (min, ) 5 

10 

20 

60 

120 

240 

Distilled  water  blank  0,003 

0.003 

0.004 

0.005 

0.004 

0.002 

H20  + 3.3  UM  PO4  0.658 

0.661 

0.664 

0.667 

0.663 

0.665 

pt.  Aransas  Channel  0.093 

0.094 

0.095 

0.095 

0.096 

0.096 

Artificial  S.  W.  + 3.0  0.563 

MI  PO4 

0.567 

0.571 

0.563 

0.554 

0.538 

Table  II 

Color  Stability  of  Channel  Hater  With  Added  Phosphate 

added  PO4 

30  min. 

75  min. 

O.OOIH 

0.091 

0.092 

0.10 

0.112 

0.114 

0.20 

0.127 

0.128 

0.30 

0.148 

0.148 

3.00 

0.604 

0.600 
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absorbancy  coefficient  was  found  to  be  0.19  using  the  equation 
A ~ log  ^ = Elc 

where  A = absorbancy  (optical  density) 

Io  = incident  light  intensity 

It  = transmitted  light  intensity 

E = absorbancy  coefficient,  micromolar 

1 = length  of  light  path  through  cell  in  cm 

c - concentration  in  micromoles 

Many  phosphate  methods  in  the  current  literature  have  similar, 
or  almost  identical  sensitivities  which  are  about  one  tenth  the 
sensitivity  of  the  present  method.  The  differences  in  procedure 
are  dictated  by  the  type  of  sample  being  analysed,  but  many  current 
methods  have  ml'Toaolar  absorbancy  coefficients  of  about  0.022 
(2  and  6).  The  method  of  Wooster  and  Rake straw  (17)  gave  a micro- 
molar  absorbancy  of  0.021  when  tested  in  thi3  laboratory. 

D.  Interferences 

1.  Chloride 

Of  the  substances  that  interfere  with  the  formation  of  phos- 
phomolybdenum  blue  (2),  the  only  ones  that  are  present  in  sea 
water  in  sufficient  concentration  to  cause  trouble  are:  chloride , 

silicate  and  arsenate.  Chloride  in  high  concentration  probably 
replaces  part  of  the  molybdenum  in  the  phosphy-molybdate  com- 
plex. Arsenate  and  silicate  form  molybdenum  complexes  similar 
to  that  formed  by  phosphate.  ThB  chloride  effect  is  shown  in 
Figure  4.  It  will  be  noted  that  the  tests  made  at  12  and  18 
chloride  content  are  almost  indistinguishable.  It  i3  thus  possible 
to  circumvent  chloride  effects  in  sea  water  by  vising  phosphate 
standards  made  with  artificial  sea  water  or  with  filtered  low 
phosphate  sea  water. 

2.  Silicate 

The  usual  range  of  silicate  in  sea  water  is  from  0.0  to  about 
200  HM  (14).  In  the  first  trials  of  this  extraction  method,  the 
amount  of  acid  (5  ml  of  10  NH2SO4)  and  amonium  molybdate 
(5  ml  of  5/5)  were  essentially  those  used  by  Berenblun  and  Chain 
(l)  for  phosphate  in  biological  materials.  Some  color  production 


^ %o  - per  mi lie , parts  per  thousand 
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by  silicate  was  found  under  theso  conditions.  By  increasing 
the  acid  concentration  to  18N  (final  strength  in  the  reaction 
mixture  1.2N)  and  molybdate  to  10$  (final,  0. 6%)  silicate  inter- 
ference was  eliminated  as  sho\m  in  Figure  1.  The  high  acidity, 
and  consequently  high  molybdate  concentration  (7),  are  in  marked 
contrast  to  the  conditions  of  the  Uooster  and  Rake straw  method 
for  phosphate  in  sea  water  (17).  Uooster  and  Rakestraw  gave 
no  data  on  silicate  interference  but  this  writer  has  found  that 
silicate  additions  amounting  to  40,  80,  and  133  MI  do  not  inter- 
fere in  the  V/ooster-Rake straw  phosphate  determination. 

3.  Arsenate  and  Arsenlte 

Total  arsenic  in  sea  water  usually  varies  between  0.2  and 
0.5  MI  (5).  Of  this,  only  part  is  present  as  arsenate.  Tests 
were  made  to  determine  the  absorbancy  due  to  added  arsenate. 

13  MI  arsenate  gave  an  absorbance  increment  less  than  that  due 
to  1 Mi  of  added  phosphate.  On  this  basis,  the  maxima  error 
in  phosphate  determination  if  all  the  arsenic  in  sea  water  were 
in  the  form  of  arsenate  would  be  only  about  0.03  Ml  This  is 
just  at  the  significance  level  of  the  phosphate  determination. 
Arseni te,  the  predominant  form,  in  sea  i/ater  causes  a relatively 
small  error  (8). 

E.  Partition  of  Acid  Between  Artificial  Sea  Uater  and  iso-Butanol 

To  determine  the  possible  change  in  acidity  due  to  extraction,  a 
single,  roughly  quantitative  test  was  run  at  25°.  The  volume  of  the 
artificial  sea  water  layer,  acidified  with  H2SO4,  was  33  ml;  the 
volume  of  the  organic  layer,  19  ml.  Titration  with  1/20  H NaOH  vising 
methyl  orange  indicator  gave  acid  normalities  of  1.03  and  0.105  in 
the  water  and  the  alcohol  respectively.  The  partition  ratio  of 
titratable  acids  of  the  kinds  present  in  H2SO4  acidified  artificial 
sea  water  is  thus  10:1.  The  amount  of  ac^d  thus  lost  from  the 
aqueous  phase  is  negligible  (7). 

F.  Interference  by  Stopcock  Lubricant 

Two  portions  of  acidified  sea  uater,  with  no  molybdate,  were  ex- 
tracted with  i-BuOH  in  125  ml  pyrex  bottles.  The  bottom  of  the 
ground  glass  stopper  of  one  of  those  bottles  was  smeared  with 
Lubrineai  brand  stopcock  lubricant  (distributed  by  A.  H.  Thomas 
Company,  Philadelphia)!.  The  absorbance  of  the  two  i-BuOH  layers  was 
compared  over  the  spectral  range  from  600  to  1020  nM  The  difference 
in  absorbance  was  zero  at  each  wave  length. 


! Thi3  is  a report  of  a test  run  on  one  sample  and  does  not  necessarily 

constitute  as  endorsement  of  the  projoct  or  a statement  of  its  uniformity. 
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IV.  Discussion 


The  method  of  phosphate  analysis  presented  here  is  an  ordor  of  h Migni- 
tude  more  sensitive  than  methods  currently  in  use  and  about  the  sane 
relative  accuracy.  It  is  also  subject  to  fewer  interferences  (C.f. , 

Ref.  l).  It  will  serve  for  study  of  low  concentrations  of  phosphate  and 
of  changes  in  phosphate  concentration  that  are  too  near  the  limit  of 
resolution  of  existing  methods. 

Day  to  day  reproducability  of  tho  method  is  not  as  good  as  could  be 
desired.  This  is  not  a serious  dravback,  however,  since  it  is  necessary 
to  run  frequent  controls  with  any  colorimetric  procedure,  llo  difficulty 
in  getting  check  results  within  each  group  of  analyses  need  bo  expected 
if  each  step  in  the  procedure  is  made  part  of  a routine.  Temperature  con- 
trol was  not  used  in  these  studies.  The  laboratory  temperature  usually 
did  not  change  during  the  course  of  an  analysis  and  no  difficulty  from 
this  source  was  experienced,  Samples  should  be  allowed  to  cone  to  room 
temperature  before  extraction. 

The  concentration  of  the  iso-butanol  layer  3hould  not  change  after 
extraction.  Ey  having  the  wash  acid  and  the  reducing  solution  at  the 
seme  temperature  as  the  extracts  and  just  saturated  with  iso-bitanol 
the  concentration  of  the  extracts  should  not  change  due  to  ino-butanol 
dissolving  ir.  the  wash  solutions  or  by  addition  of  excess  iso-butanol. 

Investigation  of  certain  aspects  of  the  method  are  still  in  progress. 
Among  these  are  extension  of  the  method  to  different  sample  volumes, 
use  of  other  solvents,  and  possible  utilization  of  noro  effective  reduc- 
tants. 


V.  Summary 

1.  A method  is  described  for  determination  of  inorganic  phosphate  in 
sea  water  by  extraction  of  the  phospho-molybdate  complex  into  iso-butanol 
and  reduction  in  the  organic  phase  with  stannous  chloride. 

2.  The  method  is  an  order  of  mangitude  more  sensitive  than  methods  cur- 
rently in  U3e  and  has  the  same  relative  accuracy. 

3.  Arsenic  and  3ilicate,  in  the  amounts  ordinarily  encountered  in  sea 
water,  do  r.ot  interfere. 

4.  Certain  aspects  of  the  method  are  still  under  investigation. 
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Absorbancy 


Fig.  1 Salt  and  silicate  effects. 

Top  line  0 1 chlorinity.  Bot- 
tom line  12  and  18  t . Little 
difference  between  12  and  18&. 
6 X-  not  graphed.  Silicate  has 
negligible  effect.  Graphs  are 
linear  from  0 to  2 absorbancy 
units. 


//M  added  PO4 

Fig.  3 Absorbancy  vs.  phosphate 
added  to  channel  water.  The 
lower  part  of  the  line  is 
shown  expanded  in  Figure  4. 


Fig.  2 Spec turn  of  phosphomolybdenum 
blue  against  solvent.  Absorp- 
tion maximum  at  about  733  nyx  • 
Spectrum  of  water  saturated 
butanol  against  butanol  shows 
absorption  only  in  the  red. 


Fig.  4 Absorbancy  vs.  added  phos- 
phate. The  increase  in  absor- 
bancy per  /4M  of  added  phosphate 
is  nearly  10  times  that  found 
with  current  methods . 


BIBLIOGRAPHY 


f 

I 

i 


T 


* 


i 

4 


V 


1.  I.  Berenblum  and  E.  Chain,  Studies  on  the  colorimetric  determination  of 

phosphorus.  Bio  chem.  J.  286-98  (1938). 

2.  D.  F.  Boltz  and  IL  G.  liellcn,  Determination  of  phosphorus,  germanium, 

silicon,  and  arsenic  by  the  he  tore- poly  blue  method.  I.  £ 3.  C. , 

Anal.  Ed.  1°.  873-77  (1947). 

3.  M.  Calvin,  The  path  of  carbon  in  photosynthesis.  Chen.  4 Eng.  Ilews  31. 

1622-25  (1953). 

4.  G.  Denigea,  Reaction  de  coloration  extremement  sensible  des  phosphates* 

et  des  arseniates.  Ses  applications.  Compt.  rend.  171.  802-04  (1920). 

5.  S.  Gorgy,  E.  '.J.  Rako straw,  and  D.  L.  Fcx,  Arsenis  in  the  sea.  J.  I hr. 

Res.  7,  22-32  (1948). 

6.  B.  L.  Grim/old,  F.  L.  Humoller,  and  A.  R.  He  Intyre,  Inorganic  phosphate 

and  phosphate  esters  in  tissue  extracts.  Anal.  Chem.  2Q,  192-94 
(1951). 

7.  U.  H.  Harvey,  The  estimation  of  phosphate  and  of  total  phosphorus  in  3ea 

waters.  J.  liar.  Biol.  Assoc.  D.  K.  27  , 337-59  (1948). 

8.  A.  L.  Hansen  and  R.  J.  Robinson,  The  determination  of  organic  phosphorus 

in  sea  water  with  perchloric  acid  oxidation.  J,  Mar.  Res.  12.  31-42 
(1953). 


9.  J.  Iyman  and  R.  H.  Flaming,  The  composition  of  sea  water.  J.  liar.  Res. 
h 134-46  (1940). 

10.  \h  D.  McEIroy  and  B.  Glass,  editors;  a Symposium  on  Phosphorus  Metabolism, 

Volume  I.  The  Johns  Hopkins  Press,  Baltimore,  1951. 

11.  F.  Osmond,  uber  eine  Reaction,  welcbe  die  kolorinetrische  Bestinnung  des 

Phosphors  im  Gusseison,  Stahl,  u.  s.  w.  ernoglicht.  Bull.  soc.  chim. 
xlvii , 745-48  (1837),  c.  f»  Berichte  20  750  c (1887)  or  J.  Chem.  Soc. 
(London)  £2,  999  (1887). 

12.  C.  11  Proctor  and  D.  !/.  Hood,  Phosphates  in  sea  water  determined  by  a 

butanol  extraction  procedure  (abstract).  Anal.  Chen.  2£,  2016  (1952). 

13.  R.  J.  Robinson  and  T.  G.  Thompson,  Determination  of  phosphates  in  sea 

water.  J.  Ihr.  Res.  7,  33-41  (1948). 

14.  R.  J.  Robinson  and  T.  G,  Thompson,  The  determination  of  silicate  in  aea 

water.  J.  liar.  Res.  2,  49-55  (1948). 


J 


- 9 - 


i 15.  M»  Rockstein  and  P.  W.  Herron,  Colorimetric  determination  of  phosphate 

in  microgram  quantities.  Anal.  Chen.  23 j 1500-01  (1951). 

% 

16.  C.  J.  Rodden,  Ed. -in- chief , Analytical  Chemistry  of  the  Manhattan  Pro- 

ject, pp.  324^28.  National  Nuclear  Energy  Series  VIII  - 1,  McGrau- 
Hill,  Hew  York,  1950. 

17.  W.  S,  Y/ooster  and  N.  11.  Rakestraw,  Estimation  of  dissolved  phosphates  in 

sea  water.  J.  Mar.  Res.  10  , 91-100  (1951). 


r 


/ 


- 10  - 


D STRUCT  KW  LIST 


Ko. 

c-wi— 


**©. 

£s£ltt 


CJtisf  of  k»r*3  R**ea rah 
■*▼5  Depart— ct 
WteM-sctoe  25,  0.  C. 
ittii  Corf#  U6  12) 

• Cod*  446  (3) 

• Cod*  iM>  (3) 

OR  .V*  l*l*o  t Representative 
University  of  T«ui 
Nkla  Bui Ldl  <,  Rooa  2506 
Austin  12,  Toni 

Director 

Off  la*  of  »s*nl  Ree*«reb 
ISO  Cau#*v*v  Stmt 
Bo*  toe  10,  Muecchusett* 

Director 

err  la*  of  »*vel  Research 

1000  Ca*ry  Stmt 

3en  rrenciec©  9,  Ce'.Lfcrcl » 

Director 

Off  1 o*  of  Ha  ml  fU*»*rCv. 

Tenth  floor,  G6  E,  Randolph  Sc, 
Chicago  1,  n:  laol* 

Mreitcr 

Office  of  H*ml  Research 

346  Bro%dv«7 

S*v  fork  13,  kev  fork 

Dtreetcr 

Office  ;T  Sara*.  •#►>«%-?*• 

1C30  E.  Qreen  Stmt 
Pasadece  1,  Col If orcl* 

C.  S.  X«tt  f^rirogrepMc  Office 
Washington  25,  D»  C. 

Attn-  Division  of  Oceanography 

CM*f , Bur# * u of  Ship* 

Ka.-y  Depert—ni 
Wash’,  rg  toe  25,  D,  C, 

Attn.  Corf*  (2) 

• Cod*  616  (2) 

• Cod*  M5  (1) 

Director 

0.  S.  Mvnl  Electronic#  Lab. 

S*D  M»go  52,  C*!  Lforoia 
Altai  Cod.  550,  551,  552,  610 


dlrg  Officer 

v,  S.  k*vy  Ooderveter  Sexv*.  Lab. 
kev  London,  Coca*  Aleut 

kaval  Fse*«rcfe  La  ber*  tc  rj 
Technical  Sorrlo** 

Washing  toe  25,  D,  C. 

CM*f , 9\a*e«u  of  lord*  A Dock* 
Kaiy  Dsparl—ot 
WesMagtoo  25,  D,  C, 

Demanding  Of  floor 
Ravel  Ordnance  Laboratory 
WV.lt*  Oak 

Silver  Spring  19,  >teryi*ftd 

Asst.  *avel  Attache  for  !U**arch 
1— rlean  Eshasey 
Xevy  100 

n*rt  Peet  Offlo*,  Xtv  York 

ftrititt  Joint  Service*  HI** lor. 
)fcl&  Ury  Building 
Washington  25,  3.  C. 

Cocaurf'.ni  G*r«ra.l 
ftseearefe  and  Devoiopoect  Dlv, 
D*paria»ot  of  the  A rwr 
Washington  25,  u.  C, 

C,  S.  A rmf  B**ch  Erosion  board 
5201  Little  Pe’U  load,  XU 
Washington  16,  0.  C, 

Tbe  Chief,  Araad  fora** 

Special  Weapon*  Prcjsct 
P,  0.  Bo*  2610 
Washington,  0.  C, 

Offlc*  of  th*  Quarteraastei 
General 

Military  Plarsilu*  Division 
Research  and  Develop— at  Branch 
J— hlegton  25,  0,  C. 


Re—arob  A o»v*lcfa*at  I 
k#t  tonal  Military  E*  tab  Hate*  ct 
Washington  25,  0.  C, 

Attn«  CoBlt'n  oc  Geoph,  sic* 
and  Geography 


C.  S.  Wa«Uwr  Bureau 

0,  5,  Depart— at  of  Co—  ros 

Uaa hlng toe  25,  0.  C, 

Attn i Sal*etlf lo  Servloes 


j Off  lo*r  2 

C-trlAg*  M*  Id  Statloe 
230  Alb*H7  Stmt 
Ceatrtdg*  J9,  ►aa**chu**tt* 

Attoi  <Jt»L 

_ m||1|||  1 

C.  S.  Coa*t  Ouerd 
Wasting too  25,  0.  C, 

1 

^IraCty.r 

C,  5.  Cc**t  and  0»od*tlc  S\xrr*y 
"••p*rtj»ct  of  fVeorrc* 

Va*Mf*too  25,  0.  C.  2 

3.  S.  ft* h A VI Id’ If#  S*rrlr* 

P,  0.  »30 

Bonolulo,  T.  H,  \ 

C,  S.  PlJh  A WLld! If*  Sorrlc* 

Wood*  Ho’.*,  >^**aehu*«itt* 

C,  S.  f‘*b  A WlldJ If*  Sorrlc*  2 

Sout^j  Atlai.ttc  Off.bor* 

Ptibery  ZaT**tlgatloe* 
c/o  Gaorfi*  Can*  A Plab  \iM>l*lc»a 
P.  0.  »c«  312  1 

BmmvIcA,  GaorfLa 

0.  S.  Pith  A Wild  Ilf*  S*rrle* 

Port  Crock* tt  1 

0clT**Vrn,  Taxa* 

Director 

C.  S.  Pli‘  A Wlldl if*  Jorrlc*  j 

0*perta»r.t  cf  t • Istarlcar 
Wanhlx^too  25,  D.  C. 

Attoi  Or.  U A.  W*l:>r4 

0,  S.  #1*:,  A WLLUlf*  Gar-rlo* 

450  8.  .’ordoa  Sa!l 

Stanford  Cnlr* ratty , .A.ifomU 

l 

Secretary 

Gulf  Stat«s  Harlc*  Ft*h#ri*s 
Comisslos 

Audubon  Building  \ 

931  Canal  Street 

Kev  CTlaan*  16,  U>vl*tar^ 

Se  T-etary 

Atlantic  State*  »txLn*  1 

Pl*h*rle*  CookIs*:  n 
Z?  W#*t  l*t  Street 
Hxir.t  "ernos,  kev  fork 
Attn  i W*yn*  0.  deyrf.ckar  ~t 

?*xe*  Can*  i.'rf  Plah  Ccel*i!on 
Ecckport,  Texas 

•*a*. lforri'*  Acal**^  of  r'r:e..o** 

Oclden  Cate  P*rk 

San  :’ro:cl*oo,  Calif  or  ni*  » 

Attoi  cr.  r.  Min.r 

Dlrectcr 

Institute  of  >krl£«  Sclecce 
Port  Aransas,  Texas 

Director 

Xlf  Co#t*t  ►••ean..1.  labcr*tory 
0o»ar.  Spr»v*  Kls*l**lppl  < 

Mrs  etor 

karragansett  ArLi*  laboratory 
King* tor.,  food*  Island 

‘.•nlrertlty  of  ha.ell 
Horo!u!u,  T.  P, 

01  re c* or , Mtrla*  La*>er*tory 
Vr«lr*“r*lty  of  Klaal 
Cor*l  able* , P!orl4* 

Aar  r loan  K**un  of  Katie*  Met-ry  . 
Certral  Perk  We*t  *t  7a Vi  Street 
IWv  fork  2*,  kev  fork 

Dire o tor  2 

Laacr.t  v*o'.oflo*l  Ct*erv*tory 
Surrey  Cliff 
Palisade*,  kev  fork 

^t.artnsnt  of  Coraerratlon 
Coro*U  fRleerelt-' 

Ithaca,  kev  york 
Atfhi  Or,  J,  Ayers 


iddr—ee* 

Depertasrt  of  Zoology 
.Bui^er*  Culrerelty 
h w Brunov 1 ok,  kev  Jej see 
Attn  i Dr.  R.  Has  kin* 

Scrips  Institution  of  Coeaccgrejrfty 
la  Jolla,  California 
Attn l Director  (1) 

- Library  (1) 

The  Coaanographlc  Institute 
Flcrlda  State  Onlreralty 
Tallahacsee,  florid* 

Departaact  of  Engineering,  Does 
Odserel'y  of  California 
Berkeley,  California 

Mrac*or 

Woods  Rol*  OcaaeograpMc  Institute 
Woods  Hole,  )%s*acbu*et** 

Dire  over 

Che^pMk*  r>a>  ZnatltuVi 
Bob  426A  PTC  2 
Anra,x>!ls,  ^kryland 

Head,  D* partner.*,  o.*  r'<o**rogr*phv>* 
Dnleerolt  of  Wash* .on 
Seattle,  Waahligtoe 

. lighaa  CeaanogrepOic  Koutxlallon 

Tale  Cnlrerclt 

kev  Keren,  O-ueC  rut 

klltit  Har.oock  Pound-. tl«n 

Cal r*  ally  of  Southern  California 

Lon  tege!**  Callfornl* 

Srarf,  Oepa. taert  of  Blolo/y 
?<ur*«  Christian  Onlrerettr 
P%  Worth  9,  Taxes 

Wal,  Dept.  tear  elegy  * Ccaar-, 

f^ev  'ork  Cr.lrerslty 
ksu  ”ork,  kev  Tori* 

?v*r  j oluff  laboratory 

Island,  South  Carolina 
Al ti»t  D-,  Bo-«*rt  Lens 

>;*“,j*b*.  o.’  Biology 
Tnleerelt  of  Plorlda 
ColnSrl 11* , P’oTld* 

A*  *- n:  >k,  L In##  ?l#rc# 

Director,  7ir|r!r.l*  PI  snarl**  labor. 
Co!l*g«  o!  Vil’.iax  sal  )kry 
CTc^icastet  Pcln»,  Virginia 

Mrec-or,  'JRl»*r*lt:  of  florid* 

Vr Ira  Biological  Station 
Ga!n*rli:*,  Elwlii 

D^ectcr,  Ais^ara  H*rl:a  Laboratory 
Eaycra  la  Patr*.  tlabaaa 

Sou*,  srr.  Tag  local  Llu.-at’.or  P<«errf 
'kfl#*  Sclera** 

E30  West  Psaertree  Street,  k.  V, 
Atlanta,  Ceorgle 

Director,  Louisla;a  State  University 
Lr Oratory 

Be  tor.  Jtoug*,  Louie  lam 

Director.  Iratltuta  cf  rl*h#r!j# 

Jie  search. 

Tnlvoralt  of  Worth  Cartllra 
►hr*  retd  City,  korth.  Cars’ Ira 

D tree  to.- 

D-L*  VilAr;!*.;  Strisr  iabrrs'fry 
Dssifor*-,  Kortn  Caro’lm 

Lvtituta  of  Lrglraertrg  Rex* arch 

244  £*•**  Rail 

berk* ley  4,  Cat  If oral* 

Attr.i  Prof,  V.  Johnson 

Dltf,  Air  ‘ earner  Servlao 
Gepartaar.t  of  the  Air  Fore* 

Washing  toe,  3.  C, 

Head,  D* per taect  cf  Coeanograpby 
Drown  University 
Prcrid*ac*,  Phorf*  Island 


} 


